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(54) Partially fluorinated copolymer based on trif luorostyrene and substituted vinyl compound 
and ionic conductive polymer membrane formed therefrom 



(57) A trif luorostyrene and substituted vinyl compound based partially fluorinated copolymer, an ionic conductive 
polymer membrane including the same, and a fuel cell adopting the ionic conductive polymer membrane are provided. 
The partially fluorinated copolymer has formula (1): 




where each of R 1t R 2 and R3 is F, H or CH 3 ; X is a hydroxy group or a trifluoromethyl group; m is an integer greater 
than zero; n is an integer greater than zero; and p, q and rare zero or integers greater than zero. The copolymer having 
formula (1) includes trif luorostyrene units and substituted vinyl compound units, which may be partially crosslinked. 
Ionic conductive polymer membranes can be manufactured using the copolymer at low cost, with excellent mechanical 
properties. When a partially crosslinked copolymer is used, the degree of swelling of the resulting polymer membrane 
and fuel crossover can be reduced. The efficiency of fuel cells can be improved by adopting the ionic conductive 
polymer membrane. 
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Description 

[0001 ] The present invention relates to a trif luorostyrene and substituted vinyl compound based partially f luorinated 
copolymer, and an ionic conductive polymer membrane formed of the same, and more particularly a part.allyfluorinated 
copolymer with trifluorostyrene units and substituted vinyl compound units, an ionic conductive polymer membrane 
formed of the copolymer, which has excellent mechanical properties and a low degree of swelling caused by water 
absorption, and a fuel cell having the ionic conductive polymer membrane. 

[0002] Recently, with the advance of portable electronic devices and wireless communications dev.ces, the need for 
high performance fuel cells for these portable devices is extensivefy increasing. For the improved eff.c.ency of fue 
cells, a polymer membrane which ensures a high ionic conductivity and reduces cross-over of fuel, particularly of 

r0003T° l Fue| 1 cens i are novel power generating systems which convert the energy generated by the electrochemical 
reaction of a fuel and an oxidizing gas to electrical energy for use. Fuel cells are classified into, for example, fuel cells 
with molten carbonate salt electrolyte operable at a high temperature of 500-700'C, fuel cells w.th phosphonc acid 
electrolyte operable around 200«C, fuel cells with alkali electrolyte operable in the wide range of tempera ures from 
room temperature to 1 00'C or less, fuel cells with a proton exchange membrane as the electrolyte, and fuel cells w.th 
solid electrolyte operable at a high temperature of 600-1 000°C. •„„ hwrfr „ nan 

[00041 The polymer electrolyte fuel cell includes a proton exchange membrane fuel cell (PEMFC) using hydrogen 
gas as fuel, and a direct methanol fuel cell (DMFC) which uses liquid methanol from the anode as direct fuel. 
[0005] The proton exchange membrane fuel cell (PEMFC), a future clean energy source emerging as a substitute 
or fossil energy, has high output density and energy conversion efficiency. Also, the PEMFC ,s workable at room 
temperature and is easy to seal and miniaturize, so that it can be extensively used in the fields of pollut,on-free vehicles, 
household power generating systems, mobile telecommunications, portable power generating systems, and medical, 

military and space equipment. t . . 

[00061 The PEMFC is a power generator for producing direct current through the electrochemical reaction of hydro- 
gen and oxygen The basic structure of such a cel. is shown in FIG. 1 . Referring to FIG. 1 , the PEMFC has a proton 
exchange membrane 11 interposed between the anode and the cathode. t ... nM5 ... 

[00071 The proton exchange membrane 11 is formed of a solid polymer electrolyte with a thickness of 20-200 nm_ 
The anode and cathode includes support layers 14 and 15 for supplying reaction gas, and catalytic ayers 12 and 13 
in which oxidation/reduction of the reaction gas occurs, which collectively form a "gas diffusion electrode. In FIG. 1 , 

reference numeral 16 represents a current collector. . iHmnan 

[00081 in the PEMFC having the above structure, with application of hydrogen gas as a react.cn gas, Hydrogen 
molecules are decomposed into hydrogen ions and electrons by oxidation reaction in the anode. The produced hydro- 
oen ions reach the cathode through the proton exchange membrane 11 . 

[0009] Meanwhile, in the cathode, oxygen molecules take electrons from the anode through the membrane and are 
reduced to oxygen ions by reduction. The produced oxygen ions react with hydrogen ions from the anode and produce 

water molecules. , . , 

[0010] As shown in FIG. 1 , in the PEMFC, the catalytic layers 1 2 and 13 of the gas diffusion electrode are formed 
over the support layers 14 and 15, respectively. The support layers 14 and 15 are formed of carbon cloth or carbon 
paper. The surface of the support layers 14 and 15 are treated so as to allow easy passing of reaction gas, water to 
the proton ion exchange membrane 11 , and water obtained as the reaction product. 

[0011] On the other hand, the DMFC has the same structure as that of the PEMFC, but us.ng liquid methanol, instead 
of hydrogen, as a reaction fuel. As the liquid methanol is supplied to the anode, an oxidation reaction occurs in the 
presence of a catalyst, so that hydrogen ions, electrons and carbon dioxide are generated The DMFC has .poor. ceH 
efficiency compared with the PEMFC because of lower catalytic activities of anodic fuel. However, the use of liquid 

fuel makes its application to portable electronic devices easier. 

[00121 The previously mentioned fuel cells usually employ an ionic conductive polymer membrane as the proton 
exchange membrane disposed between the anode and the cathode. The ionic conductive polymer membrane as an 
electrolyte of the fuel cell, serves to transfer hydrogen ions from the anode to the cathode, and prevents the fuels for 
each of the anode and cathode from mixing with each other. In addition, the ionic conductive polymer membrane is 
formed of a polymer membrane with sulfonyl group as side chain. Because the polymer membrane contains water, a 
sulfonic acid group of the polymer electrolyte is dissociated in the water medium so that the sulfonyl group is produced 

rooi3i n ' T°he" oSonductive polymer membrane should have the following characteristics: a high ionic conductivity, 
electrochemical stability, mechanical properties suitable as a membrane, thermal stability at working temperature, easy 
processing into a thin film for reduced resistance, low cost and low degree of swelling caused by liquid absorption, etc. 
[00141 The most widely known ionic conductive potymer membrane has a polytetrafluoroethylene backbone having 
sulfonyl group as side chains. However, this polymer membrane is of little practical use due to its high manufactunng 
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cost and complicated manufacturing process. To solve these problems, an ionic conductive polymer membrane formed 
of polytrifluorostyrene, a partially fluorinated polymer, has been suggested in U.S. Patent Nos. 5,422,411; 5,498,639; 
5,602,185; 5,684,192; 5,773,480; and 5,834,523. However the ionic conductive polymer based on sulfonated polytri- 
fluorostyrene is known to be very brittle and thus has difficulty in practical use. For this reason, to enhance the me- 
chanical strength of the polymer membrane, there has been used a copolymer of trifluorostyrene : and a polymer which 
is able to be polymerized with trifluorostyrene, for example, a monomer containing fluorine with long side chain, such 
as heptadecafluoro decyl acrylate, heptadecafluoro decene, hydroxypropyl methacrylate, hydroxybutyl acrylate and 
hydroxyethyl methacrylate. 

[001 5] When the ionic conductive polymer membrane is applied to a fuel cell, the polymer membrane absorbs water 
and serves as a medium which allows hydrogen ions to pass. As the polymer membrane absorbs water, the thickness 
and the area of the polymer membrane varies by swelling. However, if the degree of the swelling is excessive, due to 
the difference between the dry state and the full water absorption state, there is a difficulty in fuel cell manufacturing 
with the polymer membrane. 

[0016] To solve the above problems, it is a first objective of the present invention to provide a copolymer based on 
trifluorostyrene and substituted vinyl compound. 

[0017] A second objective of the present invention is to provide an ionic conductive polymer membrane formed of 
the copolymer, which has a low degree of swelling caused by water absorption and excellent mechanical properties. 
[0018] A third objective of the present invention is to provide a fuel cell with improved efficiency, which employs the 
ionic conductive polymer membrane. 

[001 9] Accordingly, to achieve the above objective , there is provided a partially fluorinated copolymer having formula 
(1 ) below, comprising trifluorostyrene units and substituted vinyl compound units: 



...d) 



where each of R.,, R 2 and R 3 is F, H or CH 3 ; X is a hydroxy group or a trifluorom ethyl group; m is an integer greater 
than zero; n is an integer greater than zero; p, q and rare zero or integers greater than zero. 
40 [0020] The second objective of the present invention is achieved by an ionic conductive polymer membrane com- 
prising a partially fluorinated copolymer having formula (1) with trifluorostyrene units and substituted vinyl compound 
units: 




...(i) 



3 
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where each of R,, R 2 and R3 is F, H or CH 3 ; X is a hydroxy group or a trifluoromethyl group; m is an integer greater 
than zero; n is an integer greater than zero; p, q and rare zero or integers greater than zero. 
[0021] The third objective of the present invention is achieved by a fuel cell adopting an ionic conductive layer in- 
cluding a partially fluorinated copolymer having formula (1 ) with trifluorostyrene units and substituted v.nyl compound 
units: 




...(1) 



SO3H 



I 



fcH 2 )p 
(CF 2 )q 
X 

where each of R n , R 2 and R 3 is F, H or CH 3 ; X is a hydroxy group or a trttluoromethyl group; m is an integer greater 
than zero; n is an integer greater than zero; p, q and r are zero or integers greater than zero. 
[0022] The above objectives and advantages of the present invention will become more apparent by descnbing in 
detail preferred embodiments thereof with reference to the attached drawings in which: 

FIG 1 illustrates the structure of a conventional fuel cell adopting a proton exchange membrane; 

FIG. 2 is a graph illustrating the variation in ionic conductivity of the inventive ionic conductive polymer membrane 

of Synthesis Example 1 with respect to temperature; „ ....... 

FIG. 3 is a graph illustrating the variation in cell potential of the proton exchange membrane fuel cell (PEMFC) 
manufactured in Example 1 with respect to current density; and 

FIG. 4 is a graph illustrating the variation in cell potential of the inventive direct methanol fuel cell (DMFC) manu- 
factured in Example 2 with respect to current density. 

[00231 A partially fluorinated copolymer having formula (1 ) above according to the present invention is derived by 
polymerizing a trifluorostyrene monomer and a substituted vinyl compound monomer, and sulfonating the polymerized 
product. The trifluorostyrene monomer may include, for example, «,p,p-trifluorostyrene, heptadecafluoro decyl meth- 
acrvlate heptadecafluoro decene and heptadecafluoro decyl acrylate. 

[00241 The polymerization reaction of the trifluorostyrene monomer and the substituted vinyl compound monomer 
will be described in greater detail. In the present invention, the polymerization reaction is performed by an emulsion 
polymerization method. A polymerization initiator, for example, potassium persulfate. can be added for the polymeri- 
zation Dodecylamine hydrochloride or sodium stearate (soap) can be used as an emulsifier. 

[0025] When the polymerization of the trifluorostyrene monomer and the substituted vinyl compound monomer is 
completed, an emulsifier used in the emulsion polymerization is removed and the copolymer is subjected to sulfation 
with a chlorosulfonic acid. The degree of sulfonation can be varied by adjusting the amount of a sulfation agent such 
as chlorosulfonic acid. After the sulfonation is completed, an ionic conductive polymer membrane for fue cells is ob- 
tained by casting a solution containing the resultant sulfonated copolymer or hot pressing the resultant sulfonated 

pSqTn formula (1) above, preferably, m is an integer from 1 to 50, n is an integer from 1 to 50, p is zero or an 
inteqer from 1 to 12, and q is zero or an integer from 1 to 12. 

[0027] Preferably, the partially fluorinated copolymer having formula (1) above has a weight average molecularweight 
of 30 000-500,000. If the weight average molecular weight of the partially fluorinated copolymer is less than 30,000, 
formation of a film is difficult. If the weight average molecular weight of the partially fluorinated copolymer exceeds 
500,000, unfavorably its solubility in organic solvent is poor. 

[0028] Preferably, the partially fluorinated copolymer having formula (1 ) above is any compound having formula (2) 
through (5): 
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CH3 




•••(5) 



A 



H 

where m is an integer greater than zero; and n is an integer greater than zero. Preferably, in formula (1 ) through (5), 
m is an integer from 1 to 50; and n is an integer from 1 to 50. 

[0029] The copolymer having formula (1) above can be partially crosslinked with a crosslmkmg agent wh.ch s a 
multi-functional compound having two or more unsaturated groups per molecule. The crosslink.ng reacfon takes place 
when a mixture of the copolymer having formula (1) and the crosslinking agent is subjected to casting or hot press.ng 

£o3oT % P h?"sSng a agent may be diviny, benzene, dially. ether, triallyether, diglycidyl ether, ethylenegiyco, 
dimethacrylate, or a mixture of these compounds. When partially crosslinking the copolymer having formula (1) with a 
crosslinking agent, ionic conductivity slightly decreases and the degree of swelling in the wet state .s reduced. Thus, 
a difference in volumes of the polymer membrane in the dry and wet states is decreased. 
[0031] The following compounds are derived when divinyl benzene is used as the crosslinking agent. 




n 

I 

■A* 

c-o 

o 

OH 




where m is an integer greater than zero; n is an integer greater than zero; and p and rare zero or integers grater than 
zero. Preferably, m is an integer from 1 to 50, n is an integer from 1 yo 50, p is zero or an .nteger from 1 to 1 2, and q 
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is zero or an integer from 1 to 12. 

[0032] On the other hand, in manufacturing a fuel cell according to the present invention, a catalylic layer is formed 
over both sides of the ionic conductive polymer membrane formed of the copolymer having formula (1), and bonded 
with each electrode support layer, so that a membrane and electrode assembly (MEA) is completed. Next, a current 
collector is attached to both sides of the MEA, thereby resulting in a complete fuel cell. 

[0033] The present invention will be described in greater detail by means of the following examples. The following 
examples are for illustrative purposes and are not intended to limit the scope of the invention. 

Synthesis Example 1 

[0034] 80 g a,p,p-trifluorostyrene, 15 g heptadecafluoro decyl methacrylate, 600 ml deionized water and 9.5 g do- 
decylamine hydrochloride were placed into a 4-necked flask equipped with a mechanical stirrer and mixed. During the 
mixing process, the flask was conditioned in a nitrogen atmosphere. Next, the flask containing the reactants was purged 
with nitrogen gas for 30 minutes, and was then kept at 55 ± 1°C. A solution obtained by dissolving 0.35 g potassium 
persulfate in 5 g deionized water was injected into the reaction mixture with a syringe. The mixture was left at 55 ± 
1°C for 72 hours for reaction. 

[0035] 30 g sodium chloride and 50 g ice were added to the reaction mixture and filtered in a vacuum to obtain 
copolymer powder. The resultant copolymer powder was washed with deionized water and then with cold methanol. 
The washed copolymer powder was dried at room temperature for a day, and dried again in a vacuum oven at room 
temperature for 5-6 hours. 

[0036] 4.78 g of the resultant copolymer was completely dissolved in 300 ml chloroform, and 2 ml chlorosulfonic acid 
was added to the solution with a syringe. The mixture was reacted at 65°C for 3 hours, and cooled to room temperature. 
Next, the solvent was decanted from the reaction product. Then, methanol was added to the resultant product and 
evaporated in a vacuum to remove the remaining solvent, thereby resulting in a sulfonated copolymer having formula 

(2) above. As for the obtained sulfonated copolymer, m and n of formula (2) were 9 and 2, respectively. The weight 
average molecular weight of the resultant copolymer was 95,000. 

[0037] IR(KBr, cm- 1 ): v2900, 1730, 1300, 1100-1400 

Synthesis Example 2 

[0038] 50 g a.p.p-trifluorostyrene, 10 g heptadecafluoro decyl methacrylate, 400 ml deionized water and 5.0 g do- 
decylamine hydrochloride were placed into a 4-necked flask equipped with a mechanical stirrer and mixed. During the 
mixing process, the flask was conditioned in a nitrogen atmosphere. Next, the flask containing the reactants was purged 
with nitrogen gas for 30 minutes, and was kept at 55 ± 1 °C. A solution obtained by dissolving 0.25 g potassium persulfate 
in 5 g deionized water was injected into the reaction mixture with a syringe. The mixture was left at 55 ± 1°C for 72 
hours for reaction. 

[0039] 25 g sodium chloride and 50 g ice were added to the reaction mixture and filtered in a vacuum to obtain 
copolymer powder. The resultant copolymer powder was washed with deionized water and then with cold methanol. 
The washed copolymer powder was dried at room temperature for a day, and dried again in a vacuum oven at room 
temperature for 5-6 hours. 

[0040] 6 g of the resultant copolymer was completely dissolved in 300 ml chloroform, and 1 .2 ml chlorosulfonic acid 
was added to the solution with a syringe. The mixture was reacted at 65°C for 3 hours, and cooled to room temperature. 
Next, the solvent was decanted from the reaction product. Then, methanol was added to the resultant product and 
evaporated in a vacuum to remove the remaining solvent, thereby resulting in a sulfonated copolymer having formula 

(3) above. As for the obtained sulfonated copolymer, m and n of formula (3) were 8 and 2, respectively. The weight 
average molecular weight of the resultant copolymer was 80,700. 

[0041] IR(KBr, cm" 1 ): V3000, 1730, 1300, 1100-1400 

Synthesis Example 3 

[0042] 20 g a,p.p-trifluorostyrene, 5 g heptadecafluoro decene, 400 ml deionized water and 2.9 g dodecylamine 
hydrochloride were placed into a 4-necked flask equipped with a mechanical stirrer and sufficiently mixed. During the 
mixing process, the flask was conditioned in a nitrogen atmosphere. Next, the flask containing the reactants was purged 
with nitrogen gas for 30 minutes, and was kept at 55 ± 1°C. While maintaining the temperature of the reaction mixture 
at the temperature, a solution obtained by dissolving 0.2 g potassium persulfate in 5 g deionized water was injected 
into the reaction mixture with a syringe. The mixture was left at 55 ± 1 °C for 72 hours for reaction. 
[0043] After the reaction was completed, 50 g ice and 25 g sodium chloride were added to the reaction mixture and 
filtered in a vacuum to obtain copolymer powder. The resultant copolymer powder was washed with deionized water 
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and then with cold methanol. The washed copolymer powder was dried at room temperature for a day, and dried again 
in a vacuum oven at room temperature for 5-6 hours. ^..if^i^iriuiasriroowise 
TO0441 6 a of the resultant copolymer was dissolved in 300 ml chloroform, and 1 .2 ml chlorosulfonic acid was dropwise 
Idded tome sltion with a sjringe. The mixture was reacted at 65*C for 3 hours, and cooled to room temperature 
^^SSS^SoJLl from the reaction product. Then, methanol was added to the resultant product and 
e^t^TnZ™ to remove the remaining solvent, thereby resulting in a sulfonated copolymer ^vmgjormute 
(I) above. As for the obtained sulfonated copolymer, m and n of formula (4) were 13 and 3, respectively. The weight 
average molecular weight of the resultant copolymer was 82,500. 
[0045] IR(KBr, cm- 1 ): v 3000, 1300, 1100-1400 

Synthesis Example 4 

[0046] 90 g a,p. P -trifluorostyrene, 30 g hydroxypropyl methacrylate, 500 ml deionized water and 1 1 .8 9 ^decylamine 
hydrochloride were placed into a 4-necked flask equipped with a mechanical stirrer and suff.cently m.xed. During the 
mixinq process, the flask was conditioned in a nitrogen atmosphere. 

P047] Next, he flask containing the reactants was purged with nitrogen gas for 30 minutes, and was £M± 
1-C While maintaining the temperature of the reaction mixture at the temperature, a solution obtained by dissolving 
0.4^5 g^otassium persulfate In 6 9 deionized water was injected into the reaction mixture with a syringe. The mixture 

wac loft fit 55 ± 1°C for 72 hours for reaction. . 

Atter4e Action was completed, 30 g sodium chloride and 50 g ice were added to the 
fntered in a vacuum to obtain copolymer powder. The resultant copolymer powder was washed with deionized water 
aSen with ^old methanol. The washed copolymer powder was dried at room temperature for a day, and dned again 

1™ TSSZSZ^-*^ in 500 ml chloroform, and 1.6 ml chlorosulfonic acid was 
dropwise add* t the solution wl a syringe. The mixture was reacted at 68'C for 3 hours, and coo ed to room 
temoerature Next the solvent was decanted from the reaction product. Then, methanol was added to the resultant 
eva^d in a vacuum to remove the remaining solvent, thereby ^«dcopo^ 
having formula (5) above. As forthe obtained sulfonated copolymer, m and n of formula (5) were 1 5 and 1 4, respectively. 
The weight average molecular weight of the resultant copolymer was 93,000. 

roosoi IRfKBr cm" 1 ]: v 3600, 2900-2700, 1730 . 
S onic conduc ive polymer membranes were manufactured by hot pressing the sulfonated copolymers derived 
%£L^££Zl "o 4 V at a temperature of ,00-C and a pressure of 23 Mton for 5 mi >*«™ « ,on,c 
conductivity of the obtained Ionic conductive polymer membranes with respect to temperature were measured. 
[0052] ^ F?G 2 iLtrates the ionic conductivity of the ionic conductive polymer membrane formed of the sulfonated 
cooolvmer of Synthesis Example 1 with respect to temperature. As shown in FIG. 2, the ionic conduct^ of the ionic 
S^to^-mbmni is 10" 1 S/cm or more in the range of 30-70'C, which is satisfactory to be used as a 

jSS 6 as Tori: Mc™£2e polymer membranes manufactured using the polymers of Synthesis Examples 2 
5h A Z 'Ionic conductive properties show a tendency similar to those of the ionic conductive polymer membrane 
for Synthesis Example 1 . 

[0054] IR(KBr, cm' 1 ): v 3600, 2900-2700, 1730 
Synthesis Example 5 

[0055] 600 ml deionized water, 11 .6 g dodecylamine hydrochloride, and 100 g <^e- trifluoros ^ 
a 4 necked flask equipped with a mechanical stirrer and sufficiently mixed with the stirrer in a nitrogen atmosphere. 
raoseT Nexf t he ^ las P k P con taining the reactants was purged with nitrogen gas for 30 minutes and was kept at 55 ± 
1 7c ^ After dissolving 0.8 g potassium persuttate in deionized water, the solution was injected into the reaction m.xture 

raOS^ The'mixture was left for 48 hours for reaction. After the reaction was completed, 50 g ice and 1 00 g sodium 
Ee wereToded to the reaction mixture and filtered in a vacuum to obtain copolymer powder. The resultant copol _ 
ymer ponder was washed with deionized water and then with cold methanol. The washed "j^^™^ 
at room temperature for a day, and dried again in a vacuum oven at room temperature for 5-6 hours. The resultant 
copolymer has formula (1) above, where m= 4. 

Example 1 

[0058] An ionic conductive polymer membrane was manufactured by hot pressing the sulfonated copolymer obtained 
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in Synthesis Example 1 at a temperature of 1 00°C and a pressure of 23 Mton for 5 minutes. 

[0059] A catalytic layer was formed on both sides of the ionic conductive polymer membrane, and bonded with each 
electrode support layer, so that a membrane and electrode assembly (MEA) was manufactured. A current collector 
was attached to both sides of the completed MEA, thereby resulting in a complete proton exchange membrane fuel 
5 cell(PEMFC). 

Example 2 

[0060] A PEMFC was manufactured in the same manner as in Example 1 , except that the sulfonated copolymer of 
10 Synthesis Example 2 was used instead of the sulfonated copolymer of Synthesis Example 1 . 

Example 3 

[0061 ] An ionic conductive polymer membrane was manufactured by hot pressing the sulfonated copolymer obtained 

15 in Synthesis Example 1 at a temperature of 1 00°C and a pressure of 23 Mton for 5 minutes. 

[0062] A catalytic layer was formed on both sides of the ionic conductive polymer membrane, and bonded with each 
electrode support layer, so that a membrane and electrode assembly (MEA) was manufactured. A current collector 
was attached to both sides of the completed MEA, thereby resulting in a complete direct methanol fuel cell (DMFC). 
[0063] Performance of the fuel cells manufactured in Examples 1 through 3 was evaluated. The results are shown 

20 in FIGS. 3 and 4. FIGS. 3 and 4 show variations in cell potential of the PEMFC of Example 1 and the DMFC of Example 
3, respectively, with respect to current density. As shown in FIGS. 3 and 4, the PEMFC and DMFC which adopt the 
ionic conductive layer formed of the copolymer of Synthesis Example 1 have good cell potential characteristic at a 
temperature of 70-80°C. Here, the cell potential characteristic of the PEMFC and DMFC was measured by measuring 
a voltage level with application of current while fuel is supplied to the cell. The cell potential characteristic is evaluated 

25 as excellent when the voltage level increases with application of a constant current. 

[0064] The copolymer having formula (1 ) according to the present invention includes trifluorostyrene units and sub- 
stituted vinyl compound units, which may be partially crosslinked. Ionic conductive polymer membranes can be man- 
ufactured using the copolymer at low cost, with excellent mechanical properties. When a partially crosslinked copolymer 
is used, the degree of swelling of the resulting polymer membrane and fuel crossover can be reduced compared with 

so a conventional polymer. The efficiency of fuel cells can be improved by applying the polytrifluorostyrene-based ionic 
conductive polymer membrane. 

* . 

Claims 

35 

1. A partially fluorinated copolymer having formula (1) below, comprising trifluorostyrene units and substituted vinyl 
compound units: 



40 



45 



50 




X 

where each of R 1 , R 2 and R 3 is F, H or CH 3 ; X is a hydroxy group or a trifluoromethyl group; m is an integer greater 
55 than zero; n is an Integer greater than zero; and p, q and rare zero or integers greater than zero. 

2. The partially fluorinated copolymer of claim 1 , wherein, in formula (1 ), m is an integer from 1 to 50, n is an integer 
from 1 to 50; p is zero or an integer from 1 to 1 2; and q is zero or an integer from 1 to 1 2. 
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The partially fluorinated copolymer of daim 1, wherein the partially fluorinated copolymer is a compound having 
any formulae (2) to (5): 




SO3H 



(CH2)2 
I 

(CF 2l? 

CF3 



...(2) 




SO3H 



(CH2)2 
I 



CF3 



.(3) 
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...(5) 



where m is an integer from 1 to 50; and n is zero or an integer from 1 to 50. 

The partially fluorinated copolymer of any one of claims 1 to 3, wherein the partially fluorinated copolymer having 
formula (1) has a weight average molecular weight of 30,000-500,000. 

The partially fluorinated copolymer of any one of claims 1 to 4, wherein the partially fluorinated copolymer is partially 
crossliriked using a crosslinking agent. 

The partially fluorinated copolymer of any one of claims 1 to 5, wherein at least one crosslinking agent is divinyl 
benzene, diallyl ether, triallylether, diglycidyl ether and ethyleneglycol dim ethacry late. 

An ionic conductive polymer membrane comprising a partially fluorinated copolymer according to any one of claims 
1 to 6. 

A fuel cell adopting an ionic conductive membrane according to claim 7. 
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FIG. 1 (PRIOR ART) 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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Partially fluorinated copolymer based on trifluorostyrene and substituted vinyl compound 
and ionic conductive polymer membrane formed therefrom 



A trifluorostyrene and substituted vinyl compound based partially fluorinated copolymer, an ionic conductive 
polymer membrane including the same, and a fuel cell adopting the ionic conductive polymer membrane are provided. 
The partially fluorinated copolymer has formula (1): 




..(1) 



CO 
< 



CO 

o 



where each of R 2 and R 3 is F, H or CH 3 ; X is a hydroxy group or a trifluoromethyl group; m is an integer greater 
than zero; n is an integer greater than zero; and p, q and rare zero or integers greater than zero. The copolymer having 
formula (1) includes trifluorostyrene units and substituted vinyl compound units, which may be partially crosslinked. 
Ionic conductive polymer membranes can be manufactured using the copolymer at low cost, with excellent mechanical 
properties. When a partially crosslinked copolymer is used, the degree of swelling of the resulting polymer membrane 
and fuel crossover can be reduced. The efficiency of fuel cells can be improved by adopting the ionic conductive 
polymer membrane. 
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